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Vascular Adhesion Protein-1 (VAP-1) is an adhesion molecule,
prominent on hepatic endothelium, that promotes the liver local-
ization of NK cells, CD8+ T cells and CD4+ T cells of the Th2 subset
[1,2]. VAP-1 binds to Sialic Acid-binding Immunoglobulin-like
Lectin (Siglec) molecules; T cell and NK cell adhesion acts via Sig-
lec-10, while granulocyte adhesion to VAP-1 is mediated by Sig-
lec-9 [3,4], as well as the interaction of CD44 with hyaluronan [5].
Integrin-mediated adhesion receptors also play an important role
in the localization of lymphocytes to the liver. Vascular Cell
Adhesion Molecule-1 (VCAM-1) binds to Very Late Antigen-4
(VLA-4; also known as a4b1-integrin) and this interaction is
important in the hepatic localization of activated CD8+ T cells,
and Th1-type CD4+ T cells [2,6]. These adhesion molecules are
involved in antigen-independent homing to the liver, but when
T cells recognize an antigen, Intercellular Adhesion Molecule-1
(ICAM-1) assumes greater signiﬁcance. This is the case both for
naïve, and for already-activated CD8+ T cells [6,7]. When the
hepatic vasculature is inﬂamed, additional adhesion molecules
are expressed. Of particular interest is Mucosal Addressin Cell
Adhesion Molecule-1 (MAdCAM-1), which is upregulated by both
IL-1b and TNF-a [8], and engages the a4b7 integrin that is prom-
inently expressed on intestinal lymphocytes. This interaction
might account for the hepatic trapping of activated gut-derived
T cells in inﬂammatory bowel diseases [9].
(B) Endothelial interactions and transmigration. VAP-1 is a
signaling molecule. Ligation by antibodies results in endothelial
activation, with signaling via PI-3 kinase, MAP kinases and
NF-kappaB, resulting in the increased expression of a battery of
adhesion molecules including ICAM-1, VCAM-1 and L-selectin,
and also in the secretion of the chemokine CXCL8, a powerful
neutrophil attractant [10]. The fenestrae that penetrate the Liver
Sinusoidal Endothelial Cells are sites where ICAM-1 and VAP-1
molecules form clusters together with Stabilin-1 (also known as
Common Lymphocytic Endothelial and Vascular Endothelial
Receptor-1, CLEVER-1). During the migration of human T-regula-
tory (CD4+, FoxP3+) T cells across cultures of human liver endo-
thelial cells, VAP-1 and ICAM-1 contribute to the adhesion of the
cells while Stabilin-1 is critical for transmigration [11]. TheJournal of Hepatology 20
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the receptor for CXCL16 [12].
(C) Infection triggers cell recruitment cascades. Virus infec-
tions of the hepatocytes provide both antigen and innate immune
signals, resulting in the recruitment of different cell types in a
sequence orchestrated largely by cytokine and chemokines. Thus,
murine cytomegalovirus (MCMV) infects hepatocytes and results
in type 1 Interferon (IFN-a/b) secretion, which activates Kupffer
cells, already abundant locally, to secrete the chemokine CCL3
(MIP-1a). This chemokine brings in NK cells to the infected liver,
and they secrete IFN-c [13]. In response to this IFN-c, parenchy-
mal cells of the liver secrete the chemokines CXCL9 and CXCL10,
which interact with the chemokine receptor CXCR3 on CD8+ T
cells, causing their accumulation in the infected liver [14]. The
recruitment of CD8+ T cells expressing CXCR3 can also be initi-
ated by TCR-cd T cells in response to adenovirus [15], although
in this case, the TCR-cd T cells also express CXCR3, and promote
their own recruitment. In the case of transgenic mice that express
the hepatitis B virus genome in hepatocytes, an inﬂammatory
hepatitis develops in which CD8+ T cells are the prime movers,
and Gr-1+ granulocytes essential intermediate in the recruitment
of other inﬂammatory cells [16]. The granulocytes promote cell
inﬂux through an unusual mechanism that depends on Matrix
Metalloproteinases [17]. Another important player in CD8+ T cell
accumulation may be platelets, which act in part via CD40
[18,19].Concluding remarks
The literature of liver lymphocyte accumulation is extensive, and
it was not possible to review all known mechanisms in this lim-
ited compass. However, this snapshot reveals considerable com-
plexity. Constitutive adhesion mechanisms equip the liver
sinusoids to interact with many populations of lymphocytes,
while liver infection or inﬂammation superimposes additional
mechanisms. A ﬁrst responder cell to local injury may use cyto-
kines and chemokines to call in reinforcements, and different
cells may play that sentinel role.Conﬂict of interest
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Fig. 1. Migration of lymphocytes into hepatic sinusoids.
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